Chisholin (GD. Benign prostatic hyperplasia: the best treatment. 1BMI7 1989; 299:2 15-6. 2 Neal DE. Irostatectom\-an open or shut case. Br7 Urol 1990;66:449-54. 3 Wrennburg J E, Roos N, Sola L, Schori A, Jalfe R. Use of claims data s\stcms to cvaluatc he:alth care ouitcomes. Mortality and re-operation aftcr prostatectormr. J.1IA 1987;257:933-6. Design-Comparison of extended fetal echocardiography with the standard four chamber view in detecting abnormalities. Extended echocardiography comprised the four chamber view and visualisation of the left ventricular outflow tract, the right ventricular outflow tract, and the main pulmonary artery and its branches. In cases with abnormal results complete echocardiographic studies were performed by a paediatric cardiologist using M mode, Doppler, and colourflow mapping techniques.
Main outcome measures-Detection of abnormality before and after birth.
Results-During the study 23 infants (0.4%) were born with cardiac abnormalities, 21 of whom had major structural and functional heart disease. 18 fetuses had heart disease diagnosed prenatally, 11 by the four chamber view alone (sensitivity 48%) and a further seven by extended echocardiography (sensitivity 78%). Five fetal cardiac defects were missed prenatally (false negative rate 22%). These included coarctation of aorta, persistent truncus arteriosus, tetralogy of Fallot, ventricular septal defect, and pulmonic stenosis. Only one false positive diagnosis (coarctation of aorta) was made (specificity 99-9%, false positive rate 0-1%). The abnormality was correctly identified in 17 out of 18 cases.
Conclusions-The extended fetal heart examination detected 86% (18/21) of major abnormalities in a low risk population. The examination should be incorporated into routine prenatal ultrasonographic investigations.
Introduction
The incidence of congenital heart disease is 8/1000 live births. Half of the cases are considered minor and are easily corrected by surgery. The remainder are more serious and account for about 50% of deaths from lethal malformations in childhood.' 2Congenital heart diseases are 6 5 times more common than chromosomal abnormalities and four times more common than neural tube defects.' Unlike chromosomal and neural tube defects, for which there has been extensive prenatal screening, congenital heart diseases are often not identified until the infant is born. The importance of early diagnosis of congenital heart disease is further emphasised by the fact that 20% to 32% of perinatal deaths are due to congenital heart disease.4 Although recent technology has allowed fetal heart evaluation and detection of anomalies from the 17-18th week of gestation or even earlier with transvaginal ultrasonography, the prenatal diagnosis of congenital heart defects is still a challenge for the modern obstetric ultrasonographer.
The usefulness offetal echocardiography as a clinical technique for the prenatal diagnosis of congenital heart disease was shown in the early 1980s.'6 Allan et al detected 60% of severe cardiac anomalies using the four chamber view for screening congenital heart diseases.7 To increase the detection rate of fetal echocardiography, women at high risk of having children with congenital heart disease have been selected for detailed fetal echocardiographic examination in specialised referral centres. 8 However, since most neonates with congenital heart disease are born to women without any previous known risk factors this prenatal selection seems ineffective. We conducted a study to evaluate whether extended echocardiography in the low risk pregnant population can increase the detection rate of congenital heart disease.
Subjects and methods
Screening for congenital heart disease is offered to all pregnant women routinely attending the obstetric ultrasonographic unit at Shaare-Zedek Medical Centre at Shaare-Zedek Medical Center; the remainder were delivered in three other university hospitals.
Statistical analysis was performed with the x2 or correlated X2 test."' The level of significance was set at p<o.0.
Results
During August 1988 to April 1990, 5400 fetuses, including 50 pairs of twins, were screened at 18-24 weeks' gestation. Of the fetuses screened, 53 were lost to follow up and therefore omitted from the study, leaving 5347 fetuses. The average age of the women was 24-6 (range 18-45) years. The mean gestational age at the first routine screening was 21 (18-24) weeks; a four chamber view was obtained in 5240 (98%) of the fetuses; the extended fetal heart examination was completed in 4812 (90%). Twenty three fetuses were born (0-4%) with congenital cardiac anomalies. Table I lists the cardiac malformations in the 23 cases. The observed rate of each malformation has been compared with the mean of the rates obtained in three large studies."'3 There was broad agreement between the observed rate and the calculated rates for most of the anomalies. However, the rate ofright hypoplastic heart syndrome was increased in our study, while the rate of ventricular septal defect was lower.
Prenatal echocardiography with the four chamber view detected 11 out of the 23 fetuses with cardiac malformations (table II) . These included five fetuses with the hypoplastic heart syndrome (three right and two left); two with atrioventricular septal defect, two with congestive heart failure -due to paroxysmal atrial tachycardia in one fetus and twin to twin transfusion in the second; one with Epstein anomaly; and one with ectopic cardia. Extended echocardiographic evaluation of the ventriculoarterial connections detected cardiac anomalies in an additional seven fetuses. Outlet ventricular septal defect associated with large overriding aortic root was pathognomonic of tetralogy of Fallot in four of these seven cases; the other three fetuses had double outlet in the right ventricle, persistent truncus arteriosus, and coarctation of aorta. Five fetuses with cardiac abnormalities (22%) did not have the abnormalities detected by echocardiography. Of these five, two had minor abnormalities (ventricular septal defect and pulmonic stenosis) and three had major abnormalities (persistent truncus arteriosus, tetralogy of Fallot, and coarctation of aorta). Only in one normal fetus was a false positive diagnosis of coarctation of aorta made by screening (specificity of 99 9%).
The malformation was misdiagnosed in only one case, in which tetralogy of Fallot was erroneously identified as tricuspid atresia with ventral septal defect. In all other fetuses postnatal examination by a paediatric cardiologist or pathologist confirmed the prenatal diagnosis. Table III summarises and compares the diagnostic accuracy of four chamber view echocardiography and extended examination in terms of sensitivity, specificity, and positive and negative predictive values. Sensitivity of screening increased from 48% to 78% with the extended examination, and the positive predictive value increased from 92% to 95%. The specificity and negative predictive value were not significantly different for the four chamber view and extended examination.
Chromosomal analysis was performed prenatally in four cases. Two (9%) abnormal karyotypes were detected: trisomy 21 and trisomy 18. Table IV gives the outcomes of the pregnancies. Five pregnancies were terminated and the mortality of fetuses in completed pregnancies was 28% (5/18). Overall, 10 of 23 fetuses (43%) with cardiac anomalies died. Two of the 13 
Discussion
Although much has been published on the ability of ultrasonography to detect heart defects prenatally,'3 routine screening of the general population and its feasibility has been scarcely reported. Our results are noteworthy because they emphasise the importance of routine ultrasonography in detecting congenital heart malformations and show that most congenital heart diseases may be detected by an obstetric ultrasonographer with an interest in fetal heart imaging. The 0-4% incidence of congenital heart defects observed in our study agrees with the reports ofthe Royal Brompton hospital" and the New England regional infant care programme,'2 which cited incidences of 0 3%.
Furthermore the observed rate ofmost of the various types of heart defects did not differ significantly from the rate calculated from three large studies (table I), suggesting that all infants with major congenital heart diseases were detected by our screening programme. The increased rate of right hypoplastic heart syndrome in our study may be explained by the fact that the three studies gave rates for surviving infants not for prenatal diagnosis. If we omit from the analysis the fetus that died in utero of right hypoplastic heart syndrome the observed rate becomes 0-3/1000 live births, which does not differ significantly from the calculated rate. The calculated rate of ventricular septal defect was significantly higher than the observed rate; this is because of the inability of ultrasonography to detect the smallest of these defects.
Regarding the reproducibility of fetal cardiac imaging at 21 weeks' gestation the four chamber view could be imaged in 98% of cases and the extended examinations could be completed in 90% of cases; only 10% of patients required repeat ultrasonography at 24 weeks. Recently DeVore and Platt concluded in an extensive review that the ability to obtain the four chamber view increased from 9% at 14 weeks to 20% at 20 weeks. The authors examined 400 low risk fetuses between 15 and 23 weeks of gestation. They were able to obtain the four chamber view in 90% of the cases. Allan et al, were the first to report a sensitivity of 66% for diagnosing fetal congenital heart disease with the four chamber view. 7 Copel et al reported 92% sensitivity with the four chamber view. '4 However, the data in their study were drawn from a biased group, based on patients with a high risk for congenital heart disease who had been referred for fetal echocardiography. Therefore the high sensitivity obtained by these authors reflects the prevalence of the diseases rather than the accuracy of the four chamber view. Benacerraf et al examined a mixed group of high and low risk women for fetal heart defects and found similar results to those in other studies on high risk pregnancies, in which severe forms of heart disease were reliably detected."
In our study the four chamber view detected 48% of fetal cardiac anomalies; this rate is comparable with the findings of Allan et al in the general population.7 The addition of two relatively simple echocardiographic investigations at the level of the left and right ventricular outflow resulted in a significant increase in the detection rate, particularly of abnormalities in the ventriculoarterial connection. This simple extended fetal heart evaluation achieved a sensitivity of 78%, with only 22% of congenital anomalies undetected during the prenatal life. Of the five fetuses with false negative results, two had severe malformations (tetralogy of Fallot and truncus arteriosus). Since these fetuses were among the first screened in our programme, these results probably reflect our lack of experience. The other three cases had minor defects (ventricular septal defect, pulmonic stenosis, and coarctation), and we believe this represents the true limitation of the method. The false positive rate of 0 1% encourages us to believe that only a few parents would be worried unnecessarily as a result of the screening programme.
As most of the undetected anomalies were minorthat is, small septal defects and valvular lesions-their contribution to perinatal mortality and morbidity was negligible. Detection of the major congenital heart diseases in utero has a considerable impact on the prenatal counselling and perinatal management. After counselling by a paediatric cardiologist and a perinatologist, four patients had genetic evaluation. In two cases, the finding of trisomic fetuses persuaded the parents to terminate the pregnancy. Termination of pregnancy was requested in five cases (22%), thus avoiding further neonatal mortality and morbidity.
The high early neonatal death rate (28%) among the affected fetuses surviving to term confirms that some of the cardiac anomalies detected were associated with poor chances of survival. Early prenatal diagnosis of the type of the cardiac anomaly and cooperation with the paediatric cardiologist permit accurate informed decisions regarding obstetrical management-for example, avoidance of caesarean section for lethal anomaly or the continuation ofpregnancy with delivery in a tertiary centre.
Widespread teaching of the technique will result in increased prenatal diagnosis of congenital heart disease and should reduce perinatal mortality and morbidity. We have shown prenatal screening of cardiac anomalies to be accurate, and it therefore should be incorporated into standard fetal surveillance.
